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ABSTRACT

Endoleaks are unique complications of endovascular aneurysm repair (EVAR)
that necessitate lifelong imaging surveillance for the patient. Several imaging modalities
may be used to monitor the patient for endoleaks and other complications related to the
stent graft. At present, computed tomographic angiography remains the gold standard for
the detection of endoleaks. Other modalities that can be used to detect endoleaks include
magnetic resonance, ultrasonography, nuclear medicine techniques, and pressure monitor-
ing. In addition, follow-up imaging with digital subtraction angiography is important for
endoleak classification and to guide decisions regarding therapy. In this article, we review
the classification of endoleaks and discuss the different imaging strategies available for
post-EVAR surveillance.
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Objectives: Upon completion of this article, the reader should be able to list the strengths and limitations of the imaging techniques

available for surveillance following endovascular aneurysm repair (EVAR).
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Since its introduction nearly 20 years ago,1

endovascular aneurysm repair (EVAR) has emerged as
an increasingly utilized minimally invasive alternative to
surgical repair of abdominal aortic aneurysms. Although
EVAR has been associated with reduced mortality
compared with open surgical intervention,2,3 patients
undergoing EVAR encounter unique complications
such as endoleaks. This complication has been estimated
to occur in up to 25% patients undergoing EVAR.4 As
endoleaks are most often asymptomatic, patients must
undergo lifelong imaging surveillance following EVAR.

This article reviews several of the imaging techniques
used for post-EVAR surveillance.

ENDOLEAK CLASSIFICATION
Endoleaks are typically classified according the origin of
blood flow.5 Table 1 summarizes the five categories of
endoleaks. Type 1 endoleaks are defined as extraluminal
flow that originates at the attachment of site of the stent
graft with the artery. This can be further classified as a
proximal (type 1A) or distal (type 1B) endoleak.
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Type 2 endoleaks, the most common type, occur
when then there is retrograde flow from anastomotic
connections of the aortic or iliac arteries, most often the
inferior mesenteric or lumbar artery, directly into the
aneurysm sac. Type 2 endoleaks are further divided into
those resulting from a single feeding and draining vessel
(type 2A) versus those resulting from multiple vessels
(type 2B). Although type 2 endoleaks often resolve
spontaneously, increased flow and pressure in the aneur-
ysm sac can result in enlargement and, potentially,
rupture.6

Structural stent-graft failure resulting in an endo-
leak is known as a type 3 endoleak. This can occur as a
result of a puncture hole in the graft (type 3A), due to
junctional gaps resulting from modular devices (type
3B), and due to other causes of graft failure such as a
suture hold (type 3C). It is thought that the prevalence
of these endoleaks will increase with stent-graft age,
together with increased imaging surveillance.7

Type 4 endoleaks result from porosity in the wall
of the stent graft. These are typically detected on angio-
gram immediately following stent-graft insertion,
although some authors have defined type 4 endoleaks
as occurring within 30 days of stent-graft placement.4

Type 4 endoleaks usually resolve once coagulation
parameters normalize following the EVAR procedure.
Considered by many to be a diagnosis of exclusion, type
4 endoleaks are typically of no clinical consequence,
although they can mimic other types of endoleaks.

Some consider endotension as representing a
type 5 endoleak. Endotension refers to an enlargement
of the aneurysm without a detectable endoleak following
successful EVAR. It is thought that persistently elevated
post-EVAR pressure in the sac results in its enlarge-
ment. Although endotension could represent an
endoleak that is undetectable using current imaging

techniques, it is likely that endotension explains why
many patients have a persistently dilated aneurysm sac,
despite successful abdominal aortic aneurysm repair.

IMAGING TECHNIQUES FOR
SURVEILLANCE

Plain Radiograph

Although computed tomography (CT) is more widely
used, the plain radiograph is an important adjunct in
detecting structural changes in the stent graft that may
be missed on CT. Plain radiographs can be useful in
detecting kinking and deformity in the stent graft.8

Radiographs can also be used to detect movement of
the stent graft, at a lower cost and radiation dose
compared with CT. With proper positioning, plain
radiographs can achieve a high level of accuracy in
detecting stent-graft migration.9 Specifically, anteropos-
terior and lateral radiographs are useful for detecting
migration and separation of the stent grafts, and oblique
films can detect wire fractures.10 If scheduled in the same
day, patients should undergo plain radiographs prior to
CT, as contrast material in the renal collecting tubules
may result in a nondiagnostic radiograph.10

Ultrasound

Ultrasound (US) is used at some centers for the detection
of endoleaks following EVAR. The quality of US
imaging for endoleaks can be affected by body habitus,
operator experience, and technique. Compared with CT
angiography (CTA), US offers patients a potential cost
savings and decreased radiation dose. Studies to date
have inconclusively demonstrated the utility of US in
endoleak detection, although recent data have demon-
strated the value of US. A recent prospective study of
132 patients compared CTA with duplex US in aneur-
ysm surveillance following EVAR. In the 117 patients
for whom follow-up was possible, duplex US was found
to have only 45% positive predictive value for endoleak
detection. However, US demonstrated all endoleaks
found on CTA; US was 86% sensitive in endoleak
detection.11 Studies have demonstrated Duplex US
with contrast agent to be as sensitive as CTA in detect-
ing endoleaks.12 Notably, contrast-enhanced US has
been shown to be more specific than CTA in classifying
endoleaks.13

Other studies, however, have been less convinc-
ing for the use of US surveillance, especially the
detection of type 2 endoleaks.14,15 Although color
Doppler US demonstrated larger endoleaks, CT was
more useful in demonstrating outflow vessels and the
origin of the endoleak.16 Moreover, US provides less
accurate aneurysm diameter measurements compared
with CT.17,18 Nevertheless, recent evidence suggests

Table 1 Endoleak Classification

Type of Endoleak Location of Leak

Type 1 Attachment site

A Proximal

B Distal

C Illiac occluder

Type 2 Collateral vessel

A Single vessel

B Multiple vessels

Type 3 Graft failure

A Midgraft puncture

B Junctional

C Other (e.g., suture hole)

Type 4 Porosity of graft wall

Type 5 Endotension

Adapted and modified from Shah A, Stavropoulos SW. Treatment
strategies for type 2 endoleaks after endovascular aneurysm repair.
Acta Chir Belg 2007;107:356–360.
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that US performed with newer-generation contrast
agents, such as those composed of sulfur hexafluoride
gas, provides endoleak visualization that is often supe-
rior to CT.19

Magnetic Resonance Imaging

Gadolinium-enhanced magnetic resonance angiography
(MRA) can be used to detect endoleaks and may be
particularly useful in those patients who have contra-
indications to contrast agents due to severe allergy.
However, the image quality depends on the material
composition of the stent graft. Patients with nitinol
stents are the best candidates for MRA, and those
with stainless steel or elgiloy stents may experience
significant artifact (Fig. 1). MRA is as sensitive as CT
in detecting endoleaks,20–22 and in one study was shown
to be superior to CT in detecting type 2 endoleaks in
patients with nitinol stent grafts.23

More recently, time-resolved MRA (TR-MRA)
has been increasingly used as alternative technique to
detect and classify endoleaks. By demonstrating the
direction of blood flow in the aneurysm sac, TR-MRA
appears to be a promising alternative to angiography.24

Cohen and colleagues recently demonstrated a 97%
concordance in endoleak classification when comparing
TR-MRA with angiography.25 Although these results
are encouraging, the use of MRA for endoleak classi-
fication is limited by its spatial resolution.

Computed Tomography

CTA remains the most widely used modality for the
detection of endoleaks (Fig. 2). Compared with conven-
tional angiography, CTA is more sensitive (92% versus
63%) in detecting endoleaks following EVAR.26 Multi-
phasic CT is recommended for endoleak surveillance
because the inconsistent flow rates of endoleaks result in
variable detection after contrast injection. At our insti-
tution, this includes precontrast and postcontrast arterial
phase and a postcontrast delayed-phase imaging (i.e.,
triple-phase imaging; Table 2). Unenhanced images are
useful in differentiating endoleaks from calcification.
Postcontrast delayed-phase images may demonstrate
other endoleaks not seen in arterial phase imaging27

including low-flow endoleaks28; in multidetector-row

Figure 1 Coronal image from magnetic resonance imaging

following gadolinium administration showing a type 1

endoleak (white arrow).

Figure 2 Delayed computed tomography image revealing

endoleak posteriorly. This was shown to be a type 2 endoleak

supplied by a lumbar artery on diagnostic arteriogram

(white arrow).

Table 2 Computed Tomographic Angiography Protocol in Post–Endovascular Aneurysm Repair Surveillance

Precontrast Arterial Phase Delayed Phase

Tube voltage (kV) 120 100 120

Tube current (mA) 90 150 180

Pitch 1.0 1.2 1.2

Section thickness (mm) 5 2 3

Section increment (mm) 5 1.2 2

Timing N/A Bolus tracking plus 8 s 60 s after end of arterial phase

Adapted and modified from Stavropoulos SW, Charagundla SR. Imaging techniques for detection and management of endoleaks after
endovascular aortic aneurysm repair. Radiology 2007;243:641–655.
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CTA, a delay of 300 seconds has been suggested for
most accurate endoleak detection29 (Fig. 3). Impor-
tantly, CTA is effective in the surveillance of aortic
aneurysm diameter and recurrent endoleaks following
coil repair of type 2 endoleaks.30

Although CTA remains the gold standard for
imaging surveillance following EVAR, one must con-
sider the cumulative radiation dose that patients receive.
Dual-energy dual-source CT has recently emerged as an
alternative to single-energy CT procedures.31,32 A study
of 118 patients demonstrated that delayed-phase imaging
with dual-energy dual-source CT, together with virtual
nonenhanced data, was highly accurate in detecting
endoleaks following EVAR.32 Importantly, this approach
was associated with significantly lower radiation doses
compared with triple-phase imaging.32 Alternatively, CT
without arterial phase imaging has also been demon-
strated to be effective in mitigating radiation exposure,
with minimal effect on diagnostic accuracy.33

Angiography

Endoleaks can be detected and classified with CTA;
however, digital subtraction angiography (DSA) is more
accurate in classifying endoleaks because the flow of
blood into and out of the endoleak can be seen in detail.
A recent study demonstrated only 86% agreement in
endoleak classification when comparing CTA with
DSA.34 Endoleaks detected using CTA will have con-
trast media in the lumbar and inferior mesenteric
arteries. It is difficult, if not impossible, to determine
whether this is a result of egress flow from a type 1 or
type 3 endoleak or, alternatively, inflow from a type 2
endoleak (Fig. 4). Importantly, DSA allows operators to
determine the direction of blood flow and thus more
accurately determine endoleak classification. Although
we routinely employ CTA in the surveillance of EVAR
patients at our institution, endoleaks detected on CTA

are classified using DSA. Accurate classification of
endoleaks using DSA is critical to guiding patient
management.

Nuclear Medicine

Radionuclide scanning with 99mTc-labeled red blood
cells and technetium-99m sulfur colloid is often used
to identify the source of occult lower gastrointestinal
bleeding. These techniques have been evaluated for the
detection of endoleaks following EVAR. Thus far, the
results have been somewhat disappointing. One study
found that although endoleaks were detected using
nuclear medicine techniques, CT was more sensitive in
endoleak detection35 (Fig. 5). However, Hovsepian and
colleagues were unable to detect slow-filling or rapid-
flow endoleaks using scintigraphy with Tc-99m sulfur
colloid.36

Figure 3 (A) Computed tomographic angiography demonstrating small endoleak anteriorly (white arrow). (B) Delayed

computed tomography image showing how the same endoleak appears on a delayed-phase image (white arrow).

Figure 4 Diagnostic arteriogram revealing a type 3 endo-

leak. This was thought to be a type 2 endoleak on computed

tomographic angiography (black arrow).
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Pressure Monitoring

Recently, pressure-monitoring sensors have been pro-
posed as an alternative to imaging for post-EVAR
surveillance.37,38 These pressure sensors are implanted

into the aneurysm sac and monitored externally.
Although this technology is largely investigational, early
results have been encouraging for the detection of type 1
and type 3 endoleaks.37 Type 2 endoleaks have variable

Figure 5 (A) Computed tomographic angiography showing an endoleak (white arrow). (B) This same endoleak is shown on a

nuclear medicine tagged red blood cell study (black arrow).
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aneurysm sac pressures, and thus pressure monitoring
may not been as effective with this type of endoleak.37

CURRENT RECOMMENDATIONS FOR
IMAGING SURVEILLANCE
Results from the EUROSTAR trial demonstrated that
EVAR performed using first- and second-generation
stents were associated with late failure,39 although it
is believed that newer stent-graft technology will be
associated with improved outcomes.40 Nonetheless, the
paucity of long-term clinical outcomes following EVAR
currently warrants lifelong imaging surveillance for
changes in aneurysm size and to detect endoleaks.
Although there is growing evidence in support of tech-
niques such as US, magnetic resonance, and pressure
monitoring, we believe that currently, CT and DSA
allow for the most accurate detection and classification of
endoleaks. Most institutions utilize serial CTA: at our
center, we recommend postprocedural CTA at 30 days,
6 months, and annually thereafter.

CONCLUSION
Endoleaks are a unique complication of EVAR that
necessitate lifelong imaging surveillance for the patient.
Several imaging modalities may be used to monitor the
patient for endoleaks and other complications related to
the stent graft. At present, CTA remains the gold stand-
ard for the detection of endoleaks. Compared with
magnetic resonance and ultrasonography, CTA is the
most sensitive modality available for endoleak detection.
Nonetheless, follow-up imaging with DSA is critical for
endoleak classification and to guide decisions regarding
therapy.
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